The change of aflatoxin B1 (AFB1) content during must fermentation processes in different white, rosé and red musts was investigated, using selected yeast strains of Saccharomyces cerevisiae as starter cultures. Levels of AFB1 in must and lees were determined by high-performance liquid chromatography (HPLC) combined with diode array detection (DAD). Reductions of the AFB1 content between 77% -97% were recorded after 90 days must fermentations in the model systems, while the relative adsorption level of AFB1 in lees was around ~0.63 in case of white wines, ~0.41 in case of rosé wines and ~0.23 in case of red wines. The results show that even extremely high AFB1 levels do not affect the fermentation process and the life-circle of yeast strains. The concentration of AFB1 in wine can be controlled by using appropriate yeast strains during the alcoholic fermentation.
Introduction
Aflatoxins produced by Aspergillus and Penicillum strains can be found mainly in cereals, cheese, peanuts, corn, almond, fruits and a wide group of other foods and feeds [1, 2] . The main problem with these secondary metabolites is that they have mutagenic, toxic, carcinogenic and immunosuppressive effects on living organisms and we cannot destroy them easily, only by harsh heat-treatment [3] . Their production depends on environmental factors, such as temperature, humidity and other storage conditions [4, 5] . Among 18 different types of aflatoxins, the B1 (AFB1) is the most widespread food contaminant [6, 7] .
Ochratoxin A (OTA) is a thoroughly investigated mycotoxin that is responsible mainly for toxin contaminations of wines [8, 9] . Grapes can be contaminated with a wide variety of moulds including Aspergillus and Penicillium genera. Among Aspergillus genus, black aspergilli seemed to be the most common contaminant of grapes namely Aspergillus niger aggregates and Aspergillus carbonarius the most known OTA-producing species. Reports by several authors showed that grape and its derived products such as dried vine fruits [10] , grape juices and wines [9, 11, 12] were highly contaminated by OTA.
However until now only a few number of publications deal with the possibility of contamination of wines with aflatoxins. There is a few available information on the occurrence of the AFB1 on grapes and its derived products since the studies conducted in Mediterranean countries revealed a very low occurrence of Aspergillus flavus in the vineyards [13] [14] [15] . However in these studies no quantification of AFB1 in grapes or its products was performed.
It is certain, that AFB1 can be produced by certain strains of the fungi Aspergillus flavus and Aspergillus parasiticus that are grown on grapes in the vineyards. These fungi can colonize and contaminate the grapes before grape-gathering and during storage, if water is allowed to exceed critical values for mould growth [16, 17] . At grape-crushing they might contaminate the must thereby wines too. The minimal amount of the AFB1 allowed in plant foodstuffs is 2 µg/kg. A thorough study would be important to reveal the real risk of AFB1 contamination of grapes and wines.
Different analytical methods are known for the determination of aflatoxins in a variety of matrices, like thin layer chromatography (TLC) [18, 19] , overpressure layer chromatography (OPLC) [20] , high-pressure liquid chromatography (HPLC) [18, 21] , enzyme-linked immunosorbent assay (ELISA) [22] and optical waveguide lightmode spectroscopy (OWLS) [4] .
Sripatomswat and Thasnakorn [18] were extracted fermented rice, soybean sauce, peanut butter, soy sauce, Thai red and white wine, and rice sugar wine and tested for aflatoxins by TLC and HPLC at 350 nm. Adányi et al. [4] applied OWLS technique for the analysis of ochratoxins and aflatoxins in both competitive and direct immunoassays. The sensitive detection range of the competitive detection method was between 0.5 and 10 ng/mL. Rasch et al. [3] accomplished the qualitative and quantitative analysis of AFB1 in different wine and beer samples by one-and two-photon-induced fluorescence (OPIF and TPIF) techniques. The limit of detection were 31 ng/mL in white wine, 43 ng/mL in rose wine and 62 ng/mL in beer at 720 nm, using OPIF. A better limit of detection can be achieved by TPIF, where the limit of detection at 360 nm wavelength were 6 ng/mL in white wine, 20 ng/mL in rose wine and 46 ng/mL in beer samples.
Previous studies showed that AFB1 can be detected in wines from southern regions, like Mediterranean vineyards [16] , but the proofs of a real risk of aflatoxin contaminations in wines have not been enough yet. Further studies are necessary to be prepared for a possible aflatoxin contamination in grape and its derived products, like wines. Our previous study focused on the investigation of OTA during wine fermentation processes [23] and showed that the fermentation process and life-circle of the yeast strains were not affected even in the presence of extremely high levels of OTA.
The aim of our present work was to investigate the changes of AFB1 during the fermentation of red, white and rose wines that were artificially contaminated with different amounts of the mycotoxin. We focused in the paper on the investigation of the fermentation process, whether the fermentation is influenced or not in real must samples, that were inoculated with high concentrations of AFB1. Our experiments intended to build models for the effect of AFB1 contamination on the growth of yeast strains and to investigate the alterations of the levels of AFB1 during the fermentation process, to be able to estimate a possible risk of contamination. Thus previous studies carried out only micro-scale laboratory experiments, in this paper we focused on industrial scale investigations modelling real fermentation processes for the best.
Materials and Methods

Reagents and Standards
Samples
Red, rose and white wine musts were purchased from Eger Crown Winehouse Ltd., whose cellars were freely used for the experiments. Yeast strains of Saccharomyces cerevisiae type "Fermol Premier Cru" were purchased from AEB Biochemical Inc. (San Francisco, USA).
Reagents
Solvents used for HPLC were ethanol 96% of gradient grade for liquid chromatography and methanol, dichloromethane and acetonitrile for liquid chromatography, all purchased from Merck. In all analytical steps, deionized water generated by a Milli-Q P Ultra-Pure Water System from Millipore (Billerica, MA, USA) was used. Benzene-free AFB1 reference standard material was delivered by Sigma-Aldrich Chemical Ltd. (Schnelldorf, Germany).
Method and Sample Preparation
The stemmed, crushed and pressed red, rose and white wine musts were sulfurized (60 mg/L potassium-pyrosulfite) similarly to real wine making procedures. The musts were inoculated with yeast strains of Saccharomyces cerevisiae (200mg/L). The inoculated musts were artificially contaminated with AFB1 at 0.5; 1.0; 2.0; 4.0 µg/mL in triplicate, and stored in 16 L glass balloons in wine cellar at a permanent temperature of 12˚C. After 20 and 90 days samples were taken from the wines and after 90 days also from lees in order to determine the concentration of AFB1. HPLC analyses needed appropriate sample pre-treatment as follows: 8 mg sodium chloride was added to 100 mL must or lees sample then it was extracted with acetonitrile (4 × 30 mL). The combined solutions were centrifuged for 5 minutes at 3800 rpm (Centrifuge 5810R, Eppendorf, Germany), then the clear solutions were evaporated by rotary evaporator (Laborota 4001, Heidolph, Germany). Before the HPLC measurements the samples were dissolved in 2 mL acetonitrile and filtered using a 0.2 µm filter.
Instrumentation for the Analysis of AFB1
Analysis of AFB1: Quantitative analysis of must and wine samples has been carried out by a Shimadzu LCMS-2010EV instrument using a LC-20AB binary pump, SIL-20A sample changer, CTO-20A column oven and a SPD-M20A photodiode-array (PDA) detector. An Agilent Zorbax SB-C18 (4.6 × 250 mm, 5 µm) column was used for the chromatographic separations in an isochratic eluent setup with water/acetonitrile/methanol solvent system (3/1/1 ratio), the eluent flow rate was 1 mL/min and 10 µL sample was injected at the beginning of the chromatographic run. The signal of AFB1 was detected at 362 nm wavelength with a retention time of 18 min. 1 -5 µg/mL standard AFB1 solutions were prepared and injected under the same experimental conditions and the signal integral values were used to calculate the linear calibration curve which was further used to calculate the AFB1 content of the wine and must samples. The following main analytical performance data were observed: linear range: 0.03 -10 µg/mL, recovery: 96%, quantification limit: 0.02 µg/mL, precision: ±0.01 µg/mL.
Results and Discussion
Our investigations focused on the experimental modelling of the change of AFB1 level during alcoholic fermentation of musts, applying a model system, which was similar to real conditions. Three different pre-treatments were applied of the must at the beginning of the experiments (selected yeast strains of Saccharomyces cerevisiae and sulfur were added in the first case, selected yeast strains of Saccharomyces cerevisiae but no sulfur were added to the must in the second case, and no additives were applied in the third part of experiments-in the latter case only wild yeasts can be worked). The results of the experiments are summarized in Table 1 and Table 2 .
The most important observation of our investigations was that the fermentation process was not affected by the addition of high levels of AFB1. This means a potential risk in the case of the appearance of AFB1 producing mold species on grape, therefore our experiments appeal to researchers to study AFB1 in the wine product chain thoroughly in the near future. Our second observation is in correlation with our previous findings in the case of another mycotoxin, OTA [23] . As it can be seen from Table 1 , the AFB1 contents in white, rose and red wines significantly decreased during the fermentation process in all concentration ranges. In white wines the concentration of AFB1 decreased after 90 days fermentation from 0.5 to 0.07 µg/mL, from 1 to 0.16 µg/mL, from 2 to 0.29 µg/mL and from 4 to 0.55 µg/mL. These findings imply a mean reduction percentage of 91% considering the initial concentrations. In rose wines the concentration of AFB1 decreased after 90 days fermentation from 0.5 to 0.05 µg/mL, from 1 to 0.06 µg/mL, from 2 to 0.07 µg/mL and from 4 to 0.14 µg/mL, which means 95% reduction considering the initial concentrations.
In red wines the concentration of AFB1 decreased from 0.5 to 0.08 µg/mL, from 1 to 0.08 µg/mL, from 2 to 0.21 µg/mL and from 4 to 0.18 µg/mL after 90 days of fermentation, which means 90% reduction ratio. The pre-treatment procedures had no effect on the overall decrease of the AFB1 content of the samples. Even in the absence of added starter yeasts the natural yeast cultures of the grape and cellar could start the fermentation process and therefore no significant differences were observed in the reduction percentages. The greatest reduction of AFB1 concentration in the must was achieved in the case of rose wine (95%), followed by white wine (91%). On the other hand red wine showed the lowest AFB1 reduction rates with an average reduction percentage of 90. This value represents still a significant reduction rate of AFB1 level during fermentation. Experiments were also done on a different way, whose results are not indicated in Table 1 . In these experiments musts were sulfurized and no yeasts were applied. In this case the fermentation of wine was not started, that can be explained with the destroying effect of sulfur on the natural yeast species of musts. These experiments were finished after 20 days, because the fermentation process did not start. But the results were surprising because no change of AFB1 levels were obtained. These findings indicate that the mechanism of the reduction of AFB1 concentrations in musts should be similar to the supposed mechanism for OTA which was thoroughly investigated in contrast with AFB1 [23] [24] [25] . The mechanism involved physical adsorption process by the cell-walls of the microorganisms similarly to other mycotoxins [26] .
The results that are summarized in Table 2 harmonize with the literature data, namely mycotoxins were accumulated in lees. The chemistry and the molecular basis of mycotoxin binding was previously thoroughly examined, according to the present knowledge from literature data the reduction mechanism may consist of physical binding of the toxin to the cell wall proteins of the applied yeast [27, 28] . According to our experimental data a similar model can be supposed for the explanation of the reduction of AFB1 level during wine fermentation processes, namely a physical adsorption of the toxin to the yeast cells can be occurred to obtain significant reduction of its concentration in must. We can conclude that a natural clarification process occurs during wine fermentation process which results in an average 90% reduction of mycotoxin concentration during the ripening process.
Conclusion
Saccharomyces cerevisiae, the most important yeast strain involved in wineries, can reduce AFB1 level in wine must during the fermentation process even by 77% -97%. The reduction rate changed depending on the variety of must, but no significant differences were observed in AFB1 removal with regard to the initial AFB1 concentrations. The experiments which were carried out without adding starter yeasts after sulfurization delivered indirect evidences about the mechanism of the reduction of the AFB1 level. According to our results we can suppose that the reduction can be connected to the yeast cells, presumably to an adsorption process. In the developed model system we used AFB1 in extremely high concentrations to investigate the toxin's effect on yeast cells and on changes of the amount of toxin during the fermentation. These changes can be extrapolated onto lower AFB1 concentrations according to our previous findings in the case of OTA [23] . The results of our experiments demonstrated that even at a contamination level of 10 μg/L, the AFB1 concentration can be reduced under 2 μg/L, which is the European limit value for AFB1 in alcoholic beverages.
